The development of a comprehensive ethogram that could be used to record the behaviour of the ridden horse in a range of different scenarios would provide a valuable resource for researchers within Equitation Science. However, the relevance of the behaviours included in such an ethogram and guidelines on how these behaviours should be interpreted need to be resolved before such a resource could be universally adopted. The aim of this review is to summarise and evaluate the ethograms used by researchers within Equitation Science to date, including comparisons between studies and information relating to additional measures taken. Evidence for behavioural interpretation based on equine social behaviour, qualitative behavioural assessment, physiological measures, specific situations and subjective assessment of 'rideability' is discussed with reference to the results and conclusions drawn by the authors of the studies included in the review. The behavioural signs of conflict between horse and rider and the potential sources of this conflict, including discomfort, pain, fear and frustration, are identified. To date the most common use of ridden horse ethograms has been in the evaluation of training methods and dressage performance, with the spotlight being on welfare concerns, in particular in relation to head and neck position. It is suggested that future work should include the development of ethograms that are relevant in other equestrian disciplines, where they have the potential to contribute to furthering understanding of the challenges faced by ridden horses and the behaviours associated with positive and negative responses to these. Although the association between specific behaviours and physiological measures was found to be inconsistent in many cases, and individual differences occurred, behavioural observation is still the primary means of evaluating the performance and welfare of the ridden horse. Consequently it is imperative to know what behaviours are important and why. By combining the evidence from the range of available sources it will be possible to get closer to an accurate interpretation of the meaning of different ridden horse behaviours. The evaluation of training methods and the adoption of appropriate performance criteria will only be possible when there is sufficient evidence on which to base these conclusions. .
Introduction
The need for conformity when recording the behaviour of the ridden horse has prompted researchers in equitation science to work towards developing an ethogram that would form a basis for future research.
One limitation of research within equitation science to date has been the relatively low participant numbers from which to draw general conclusions. To address this issue and derive more robust conclusions from individual studies, the development of standardized definitions and recording protocols has been one of the main objectives of the International Society for Equitation Science (ISES) www.equitationscience.com.
This has resulted in the publication of preliminary guidelines relating to standardized protocols including an evaluation of the use of ethograms within equitation science (Pierard et al., 2015) . Examples of ethograms that can be considered as excellent models from which a ridden horse ethogram could be developed include those of McDonnell (2003) , Waring (2003) and the Przewalski's Horse Ethogram (Boyd and Houpt, 1994) . A number of studies involving monitoring ridden horse behaviour have referred to one or more of these texts in the construction of the ethogram the authors have used (for example Visser et al., 2009; von Borstel et al., 2009 ).
In ridden work the locomotory behaviour of the horse (the behavioural state) is generally determined by the rider, with changes in speed and gait resulting from signals from the rider. An ethogram for monitoring ridden horse behaviour should include the means of recording the response of the horse to those signals both in terms of the ensuing behavioural state and associated behavioural events (Martin and Bateson, 1993) , including the resultant movement patterns. A valid ethogram should include a comprehensive and clear descriptive list of behaviours observed in the ridden horse and include illustrations where possible (see Heleski et al., 2009 ). An unambiguous, detailed ethogram is required to record behavioural observations that enable the evaluation of training, equipment, rider and performance and allow inferences to be drawn regarding the welfare of the horse. For such behavioural observations to provide a meaningful evaluation of horse welfare, the implications for underlying mental state must also be considered. To facilitate this evaluation, behaviour associated with pain, discomfort, anxiety, fear and distress should be identified. This is achieved in part based on personal experience of researchers, but has been strongly supplemented by the use of the qualitative behavioural assessment method (QBA) (e.g. Fleming et al., 2013; Minero et al., 2009) . It is also crucial that physiological measures, including heart rate / heart rate variability, ECG, changes in hormonal concentrations, respiration, surface and core temperature, sweat production and defaecation rate are included to support behavioural results (Hall et al., 2014) .
The aim of this review is to evaluate the use of ethograms to provide an objective, evidence-based method of recording the behaviour of the ridden horse. Behaviour indicative of compromised welfare in the ridden horse will be identified, with particular reference to pain avoidance and escape behaviour. Such behaviour often conflicts with what the rider requires from the horse and is commonly referred to as 'conflict behaviour'. Where there is a lack of evidence to support behavioural interpretation, this will be addressed and the need for future work identified.
Recording the behaviour of the ridden horse
Behavioural responses of the ridden horse to a number of different factors have been recorded with reference to an ethogram. The range of behaviours included has largely depended upon the aim of the study and the nature of the factor(s) under investigation. In general, the aim of the majority of this research has been to identify factors that may compromise the welfare of the ridden horse and provide evidence to support changes in training, husbandry and potentially the criteria on which ridden horse performance is judged. The focus of a number of studies involving ridden horses has been on approaches to training, including comparisons between training methods described as 'conventional' or 'sympathetic' (Visser et al., 2009) , behavioural reinforcement (Egenvall et al., 2012) , the effect of training equipment (Heleski et al., 2009; Quick and Warren-Smith, 2009 ) and the impact of head/neck position on the horse (von Borstel et al., 2009 ).
The ethograms used in many of the ridden horse studies have been based on relatively few source texts.
The most commonly referred to texts are Waring (2003) and McDonnell (2003) , and this is wholly justified given the comprehensive and detailed information provided therein. Waring (2003) includes a list of 143 behaviours including motor patterns, postures, emissions and other behavioural states and events characteristic of the horse ethogram. Descriptions and in some cases, illustrations, are provided within the text and it is these descriptors that have often been used in subsequent studies. Waring (2003) refers the reader to the work of ethologists who have developed equine ethogram material with illustrations, including Feist and McCullough (1976) and McDonnell and Haviland (1995) . McDonnell (2003) includes an extensive collection of descriptions, illustrations and photographs of equine behaviour with sections on maintenance behaviour, social communication, inter-male interaction, reproductive behaviour, play and domestically shaped and aberrant behaviour. The description and listing of all observed behaviours within a species has formed the basis of understanding the behaviour of that species and factors that influence it. .
In all but the final section McDonnell (2003) includes illustrations that have been taken from observations of a managed, semi-feral herd and the main focus is on 'natural' horse behaviour. The impact of human management and training on the behaviour of the horse is briefly covered in the final section, where behaviour not generally observed in free-ranging horses is described (McDonnell, 2003) . Studies investigating the effect of human interaction on the behaviour and welfare of the horse will generally use a sub-section of the overall ethogram, with behaviour relevant to the question posed by the researcher being identified (McDonnell, 2003) . Such has been the case in the ridden horse studies where the focus thus far has been on the evaluation of potentially negative occurrences.
To facilitate consistency and rigour in the study of ridden horse behaviour and to clarify terms used to describe this, McGreevy et al. (2005) produced a text outlining the terms and processes involved in equitation. This was presented at the first meeting of the International Society for Equitation Science (Australia, 2005) . This source has been referred to in the development of some of the subsequent studies involving ridden horses. See Table 1 for an overview of studies involving ridden horses that have included an ethogram. The source referred to in the development of the ethogram used in each study has been identified (if cited) in addition to the main question posed and the number of horses included in each study (these numbers represent the actual horses included in each study and do not take account of replication).
In studies that have included physiological measures this has also been identified and will be referred to in Section 3.3 below. Kaiser et al. 2006; Heleski et al. 2009; Hall et al. 2012 . 
Evidence to support the interpretation of ridden horse behaviour

Social behaviour
In order to accurately interpret behaviours in the ridden horse, researchers have made comparisons with natural horse behaviour / communication. McGreevy and McLean (2010) suggested that the nature of horsehuman interactions could be better understood by comparing these with natural horse-horse interactions and communication, but the value of this approach is dependent upon the accurate interpretation of observed behaviour. The proponents of 'natural horsemanship' training methods claim that these are based on intraspecies (horse-horse) communication and behaviour (for example, h Monty Roberts). A descriptive account of these methods has been critically evaluated by Farmer-Dougan and Dougan (1999) . An experimental evaluation of horse behaviour in relation to the 'round pen technique' used by Monty Roberts was carried out by Krueger (2007) . Specific behavioural events that have been associated with following behaviours in horses were recorded as a means of analyzing this approach to training, namely licking and chewing, stretching the head and neck down and ultimately following the trainer. The potential for mimicking the behaviour that horses use to establish dominance within their herd to facilitate horse training was investigated in a study carried out by Sighieri et al. (2003) . Findings from this study, that involved five unhandled, free-ranging horses, led the authors to conclude that unhandled horses could be managed by mimicking their behaviour and that this approach would be beneficial in a training scenario. To date, features of equine social behaviour have predominantly been used to facilitate and assess training from the ground. However, the interpretation of ridden horse behaviour would also benefit from further reference to the equine social ethogram. The means by which the horse socially interacts and communicates have a role to play in constructing an ethogram that will facilitate the interpretation of ridden horse behaviour. Within a social group the horse is remarkably adept at communicating its 'feelings' to other group members. The skilled horseman can read these signs and respond appropriately. Comparisons between horse-horse and horse-human interactions may offer evidence on which behavioural interpretation can be based and McGreevy et al. (2009) conclude that increased integration of the equid social ethogram into riding and training techniques would be mutually beneficial to both horse and human.
Qualitative Behavioural Assessment
In general, previous studies that have used an ethogram to record the behaviour of the ridden horse have had the aim of evaluating how the horse is 'feeling' about what it is doing. An approach to evaluating precisely this aspect of animal behaviour has recently been applied in ridden horse studies. Qualitative
Behavioural Assessment (QBA) is an approach that uses human observers to assess and score the behavioural expression of animals and employs a Free-Choice Profiling (FCP) methodology (Wemelsfelder et al., 2000; 2001) . This method was used to evaluate the behavioural expression of horses during an endurance ride (Fleming et al., 2013) . In this study it was found that observers reached consensus in their assessment of the horses' emotional state, reported consistent individual differences between horses (at whatever stage of the event they were observed), and assessed horses as being alert, curious and excited pre-ride and more tired, lazy and sleepy mid-and end-ride (Fleming et al., 2013) . Since the study recorded only the observers' assessment of the horse's demeanor, the actual behaviour on which these assessments were based was not ascertained and without such information it is hard to incorporate the findings into guidelines for future evaluation. The study used observers who were experienced in horse handling and care, recruited from a group of animal and veterinary science students. The inter-observer consistency and the ability of the observers to detect differences in the behaviour of the horses that related to the stage of the endurance event suggests that there are behavioural indicators associated with the way the horse 'feels'.
The relationship between qualitative (FCP) and quantitative behavioural observation was assessed in a study that evaluated the response of foals to handling training (Minero et al., 2009) . By incorporating both qualitative and quantitative assessment of ridden horse behaviour, using experienced observers and an objective method of recording behaviour, behavioural signs associated with how the horse is thought to 'feel' could be identified. However, it has been shown that equestrian professionals may differ in their assessment of ridden horse behaviou, with differences in interpretation varying according to their professional role and personal experience (Hall et al., 2014) . Consequently, more robust objective (physiological) evidence may be required to confirm the accuracy of behavioural interpretation and efficacy of the use of Qualitative Behavioural Assessment.
Physiological evidence
The relationship between physiological responses, behavioural signs and underlying mental state can be inconsistent and potentially misleading. However, the search for an objective means of validating behavioural interpretation often results in comparisons being made between observed behaviour and physiological measures, for example those associated with signs of stress (including heart rate / heart rate variability, cortisol and eye temperature). Within the studies reported in this review, a number have identified considerable individual differences in behavioural response (Munsters et al. 2012; Heleski et al. 2009 ) and a lack of consistency between behaviour and physiological measures (König von Borstel et al. 2011; Munsters et al. 2012) . In general, the confounding effects of exercise on these measures and the differentiation between physical and mental stress and physiological response, has resulted in mixed findings and the potential for some conclusions to be flawed. Even when exercise is not involved, these measures may not reliably provide evidence to enable accurate interpretation of behaviour. For example, increases in cortisol levels were found to have no association with behavioural responses during a stationary, handling procedure (clipping). Although some horses demonstrated avoidance / anxiety-related behaviour, their cortisol response was comparable to those horses that did not respond adversely to the procedure (Yarnell et al., 2013) . In the ridden horse, increases in cortisol have been found to be associated with a lowered head and neck position (Hall et al., 2014) and hyperflexion of the head and neck (Zebisch et al., 2013) . It is likely that this position is associated with higher physical exertion and this additional physical stress may account for the hormonal response. However, Young et al. (2012) found a significant correlation between behavioural indicators of stress in non-ridden scenarios and increased cortisol levels so further investigation is required.
Other physiological measures may provide evidence in relation to possible mental stress and therefore facilitate the interpretation of behavioural responses. For example, heart rate variability was found to correlate with behavioural signs of stress during low intensity exercise (Rietmann et al., 2004) . Increases in eye temperature have been shown to relate to behavioural signs of anxiety during handling procedures (Hall et al., 2014) and in response to competitive show jumping (Valera et al., 2012) . The value of changes in eye temperature as a means of interpreting behaviour is under review. Suffice to say that the relationship between behaviour, mental state and physiological response is a complex one. See Table 1 for details of the behaviour and physiological measures that were taken in thirteen of the studies discussed within this review.
See also König von Borstel et al. (current edition/issue) for a review of stress parameters used within equitation science.
Situational evidence
When the role of the ridden horse involves situations that are likely to be challenging, over and above the intrinsic challenge of carrying and being controlled by a human, the need to evaluate the impact on the horse becomes greater. The behaviour of horses within a ridden human therapeutic setting (including ridden sessions with 'at risk' children, as defined by their being at risk of poor performance / failure at school for specified reasons, including low socio-economic status, single parent family, record of disciplinary action)
was assessed using an ethogram that included behavioural states (e.g. movement: backwards, halt, walk, trot, canter) and behavioural events (e.g. tail swish, head toss) (Kaiser et al., 2006) . Of the behavioural events recorded, seven were listed as indicative of stress, irritation or frustration with descriptors modified from McDonnell (2003) and Waring (2003) . These behaviours were: head toss, ears pinned back, head raised, head down, head shake, head turn and defecation. Behavioural events recorded but not considered as indicative of stress were ears turned (listening), moving tail, chomping bit, urination and whinnying. The mean number of stress-related behaviours recorded was found to be significantly greater when the horses were ridden by 'at risk' children (Kaiser et al., 2006) . In terms of assessing ridden horses it may be deemed appropriate to include mouth movements in relation to the bit as possible signs of discomfort and then interpretation of tail movement would depend on the degree and type of movement. However, reference to this study in terms of identifying behavioural events suggestive of stress is made in other studies of ridden horse behaviour (for example, Heleski et al., 2009 ).
Anxiety in police horses during riot control training and night patrols was assessed using a ten-point scale whereby each level of anxiety was defined by listing the associated behaviour indicative of this state (Munsters et al., 2013) . Behavioural events in this case related primarily to ear position, position of the head and neck and the speed and direction of movement in relation to an identified object. In addition to specified behavioural events, an evaluation of the level of relaxation, excitement or anxiety being shown by the horse was included in the scoring criteria. The behavioural responses of the horse in such situations provide a good starting point for the identification of behavioural signs of stress / distress in the ridden horse.
Assessment of rideability
The recording and evaluation of the behaviour of the ridden horse is less straightforward than recording/evaluating horse behaviour in more natural settings. During the ridden work the behaviour of the horse is, or at least should be, under the control / direction of the rider. Even if the horse is not under the rider's control, it is likely the rider is still influencing its behaviour. One aim of ridden horse research is to evaluate the response of the horse to signals from the rider. Consequently it is necessary, in most cases, to record rider behaviour at the same time as recording horse behaviour and also the synchrony between the two. As riders become more skilled and the horse becomes more responsive to the signals given, these signals may become less visible to the observer and so harder to record. In some cases a partial ethogram of rider behaviours has been developed to note its relationship with the behaviours expressed by the horse (e.g. Waite, 2014) . Problems and inconsistencies associated with assessing the rider's seat were noted in the study Zetterqvist Blokhuis et al. (2008) . Although the evasive behaviours of the horse were clearly visible (head toss, ears pinned, gaping mouth, tail swishing, bucking, rearing, shying: from De Cartier d'Yves and Ödberg, 2005) experienced trainers were inconsistent in their evaluation of the riders' seat. It was concluded that a more robust system was needed to enable robust evaluation of this aspect of rider performance (Zetterqvist Blokhuis et al., 2008) .
Subjective evaluation of the 'rideability' of a horse is incorporated in performance testing for a number of horse breeds. The behaviour that results in a horse being scored highly for this 'rideability' is unclear, whether it be from the point of view of a judge, rider or observer. However, this trait is valued by judges during performance testing and in particular by riders (Górecka-Bruzda et al., 2011) . Rideability can be defined as the degree of comfort experienced by the rider and the ease with which the horse can be ridden (Kőnig von Borstel and Glißman, 2014). To enable rideability to be assessed there is the need to consider the behaviour of both horse and rider and how the two interact Kőnig von Borstel and Glißman (2014) provide a list of behaviour patterns of horse and rider in addition to recording rein tension in order to evaluate this parameter as an objective measure for use during horse performance tests. The authors conclude that rein tension per se and the consistency of rein tension was an important factor in how rideability was assessed by judges on the ground. . In fact this was a better predictor of rideability assessment than horse behaviour. The behaviours that contributed most to these scores were tail swishing, use of the rider's hands, horse-induced changes of gait and shying (Kőnig von Borstel and Glißman, 2014) .
Some association between observed behaviour during an in-hand evaluation (at a field test for Danish
Warmblood horses) and subjective evaluation by owners/riders of the horse's rideability was found by Rothmann et al. (2014) , but no specific ridden behaviours were identified as being indicative of rideability.
Behavioural signs of conflict between horse and rider
The assessment of ridden horse behaviour must take into account what is desired by the rider and how the behaviour exhibited by the horse deviates from this. The desired behaviour will undoubtedly vary according to discipline, rider preferences, physical capability of both horse and rider, training level and numerous other factors. However, the need for evidence-based behavioural indicators that can reliably be used to assess the effectiveness of training and the ability of the horse to perform the movements as required is clear. The term 'conflict behaviour' has been used to describe the behavioural signs of mental and/or physical discomfort as demonstrated in response to handling / training cues by the horse (McGreevy et al., 2005) . .
In the animal behaviour literature conflict behaviour refers to actions performed when two or more motivational systems are assumed to be aroused and cannot be expressed at the same time (Barnard, 2004) .
For example, a horse being ridden away from a group of horses would be motivated to stay in the 'herd' but also to respond to the rider's signal. Conflict behaviour in this case may include gross behavioural signs such as delayed movement, 'napping', failure to respond to the 'go' signal; or more subtle signs of conflict such as changes in facial expression and tail movements. Ideally, with appropriate training the motivation to respond to the rider's signals will override any other sources of behavioural motivation. However, when the training has been inappropriate for the behaviour requested, the horse is experiencing pain, discomfort The identification of factors that contribute to conflicting motivational forces is one of the main aims of most of the studies included in this review. For example, signs of pain and the motivation to avoid pain result in behavioural responses such as restlessness and agitation, dullness, depression, reluctance to move, abnormal weight distribution, tilted head carriage, dilated nostrils, fixed stare and/or head shaking (Ashley et al., 2005) . A lowered head carriage has also been associated with pain avoidance (Ashley et al., 2005) as has high head and neck carriage (Lesimple et al., 2010) . Reference to the Horse Grimace Scale (HGS) which has been developed as a means of assessing changes in facial expression that are known to be associated with pain in the horse would provide additional evidence of underlying causes of conflict behaviour in the ridden horse (Dalla Costa et al., 2014) . Lateral differences in performance may well also be suggestive of underlying pain and avoidance thereof. For further discussion of the association between pain and ridden horse behaviour see Hall et al. (2012) .
Fear will motivate the horse to flee from potential sources of harm and this innate behavioural response frequently conflicts with rider signals, in particular the 'stop' signal. Such escape / avoidance behaviours that conflict with rider signals and desired behaviour are commonly reported behavioural problems. In the survey carried out by Hockenhull and Creighton (2013) which assessed the prevalence of ridden behaviour problems in UK leisure horses, the highest occurrence was of shying, followed by moving off before asked when the rider is mounting, pulling / leaning on the bit, jogging when asked to walk and resisting slowing down when asked. Bolting and rushing towards jumps were also reported but were less prevalent behavioural problems (Hockenhull and Creighton, 2013) . For a review of tests and responses related to fear in horses see also Forkman et al. (2007) . reins, change in gait, crabbing (horse not moving straight) and attempts to buck. These were combined to form one measure referred to as conflict behaviour which was found to occur significantly more in the horses ridden with their nasal plane behind the vertical and in horses competing at higher levels of dressage.
Specific reference to conflict behaviour is made in a number
Variation in individual behaviours was also assessed (Kienapfel et al., 2014) .
The majority of research into the nature of conflict behaviour in ridden horses has to date focused on dressage and flatwork, often with an emphasis on the impact of specific training methods, in particular the position of the head and neck. The behaviour of horses when jumping has also featured, although the use of an ethograms to record behaviour of horses when negotiating obstacles is less common. Jumping performance is primarily judged by the clearance of the obstacle per se, with the associated behaviour being irrelevant. However, in order to understand the challenges faced by the horse in relation to negotiating obstacles at speed in equestrian sports such as eventing and racing, and to reduce the risk of injury or death to horses participating in such sports, furtherstudy of jumping behaviour is required.
Other equestrian sports will also benefit from devising relevant ethograms to record the occurrence of behaviour indicative of conflict, stress and irritation. An example of this can be found in relation to barrel racing (Waite, 2014) . The ethogram used to record the impact of rider behaviour on that of the horse was developed from Kaiser et al. (2006) . The behaviours recorded included generic signs of conflict (head toss, head shake, ears pinned back, tail lash / swish) and also specific signs that the horse was not responding to rider signals (moving backwards when asked to move forwards, rear, buck). All of the behaviours listed in the Cloverleaf Barrel Race Ethogram (Waite, 2014) have been identified as conflict behaviours in other equestrian disciplines but the source of this conflict and the underlying mental state associated with specific behavioural signs requires further investigation.
The identification of a specific behavioural event as a 'conflict behaviour' relies upon evidence that there exists conflicting motivation. It is often unclear as to whether signs of frustration and/or irritation shown by the horse are truly representative of conflict between two opposing motivation systems. When pain avoidance or escape behaviour is involved then there could undoubtedly be conflict with rider requirements.
Behaviour that is associated with discomfort may be caused by the rider, in particular through inappropriate rein tension. An association between higher rein tension and increased head-related conflict behaviour was found in unridden horses in a study by Christensen et al. (2011) . These behaviours consisted of fighting the rein, gaping (open mouth: space visible between upper and lower jaws) in combination with lifting and/or tilting the head. However, a behaviour that is commonly referred to as a sign of conflict and/or resistance is tail swishing and this was not recorded (Christensen et al., 2011) . It could be argued however that in this study the main conflict was associated with trying to reach food against the discomfort of a tight rein and the lack of tail swishing could be explained by the fact that the mouth was the location of the discomfort.
Tail swishing is commonly cited as a sign of negative mental state in the horse (see Tables 1 and 2) but Rietmann et al. (2004) found poor correspondence between tail swishing and physiological signs of mental stress (HRV and HR). Tail swishing was found to be associated with dressage horses competing at a high level (Prix St. Georges and Grand Prix) but not with those competing at Preliminary level (Williams and Warren-Smith, 2010) . Similarly, Górecka-Bruzda et al. (2015) reported tail swishing when horses were completing complex movements in dressage or approaching challenging jumps in show jumping. Hall et al. (2014) found an association between the frequency of tail swishing and increases in salivary cortisol concentration. Tail swishing cannot be definitively used as an indicator of negative mental state or resistance, but may in fact relate to higher effort and concentration on the part of the horse. Although many studies base the interpretation of ridden horse behaviour on either physiological evidence and/or the results of as previous peer reviewed research, inconsistencies are still apparent. Table 2 identifies studies where the authors report specific behaviours that they interpret as being indicative of mental state along with the evidence on which they based their interpretation. No association between anxiety behaviour score and heart rate.
Munsters et al. 2013
As above -no specific behaviour identified.
Fear response (ears laid back, flees from object) worst when secluded from con-specifics.
Fear of seclusion Subjective scoring (Visser et al. 2010; Munsters et al. 2012) Highest mean heart rate in seclusion exercise. 
The future role for ethograms in Equitation Science and equestrian sport
The accurate and consistent recording of ridden horse behaviour requires the development of an evidence based ethogram that lists and comprehensively defines behaviours relevant to the discipline being studied and can identify signs of conflict from whatever source. The ethograms used to date generally incorporate behavioural states, which in the ridden horse relate to the speed and direction of movement, gait and whether this is initiated by the rider or determined by the horse. The largely subjective evaluation of movement patterns and their relationship to rider signals forms the basis of performance assessment in the equestrian discipline of dressage. In this sport, the FEI rules for dressage events provide descriptions of behaviour that should be aspired to and that form the basis of performance assessment (Fédération Equestre Internationale, 2009 ). The debate that ensued surrounding the welfare implications of training horses in a way that involved hyperflexion of the head and neck (Rollkür) resulted in a number of studies that aimed to investigate the impact that this form of training had on the horse (for example, von Borstel et al., 2009; Zebisch et al., 2013; Kienapfel et al., 2014) . Current ridden horse ethograms consequently often include details of head and neck position, in addition to other behavioural events associated with ear, mouth and tail movements.
The potential for movement patterns to be assessed objectively using gait analysis systems may result in less subjective scoring of performance in dressage in the future. However, the relationship between gait parameters and the regularity of paces, lightness and cadence that are the qualities sought within dressage are yet to be fully determined (Biau and Barrey, 2004) . Biomechanical analysis and anatomical modeling techniques have been applied to quantify head and neck position and to determine the optimum position and the impact on movement (Elgersma et al., 2010; Rhodin et al., 2005) . These objective measures will inform future assessment criteria, promote sustainable performance and improve ridden horse welfare. The In all likelihood, Qualitative Behavioural Assessment (QBA) has an important role to play in helping interpret the affect behind observed behaviours in the ridden horse. However, there is a need for continued research comparing behaviours, conducting QBAs of said situations, and coupling with physiological evidence (e.g. heart rate, heart rate variability, cortisol levels, changes in eye temperature). By identifying the behaviours that are associated with QBA in specific scenarios (as in Minero et al., 2009 ) and comparing with underlying physiological measures, a unified approach based on different measures is the most likely way of arriving at an accurate interpretation of ridden horse behaviour.
One of the main limitations of the behavioural study of horse in a ridden scenario is the low participant numbers associated with most findings. This is in part due to practical limitations and access to large numbers of horses and riders under comparable situations. Coupled with the time needed to observe and analyse behavioural data, in addition to the potential for both inter-and intra-observer variability in what is recorded, the need for a more objective time-efficient, evidence-based system is clear. Movement patterns of the horse can be quantified and the task ahead is to identify parameters suggestive of movement quality.
Once a comprehensive descriptive list of behavioural events associated with ridden behaviour is compiled there would then be the potential for the development of an automated image-based tracking system similar to that proposed by Dell et al. (2014) for applications in ecology.
In addition to recording behaviour during ridden work, the potential impact of training and performance on general welfare has been assessed using ethograms to assess time budgets and temperament (Innes and McBride, 2008) . Ridden work cannot be considered in isolation but must be assessed on the basis of the effect that this may have on overall well-being. In addition, the impact of management and husbandry systems on training, performance and mental state should be considered (for example, Søndergaard and Ladewig, 2004) . Chronic stress will impact on all aspects of life and may result in behaviour comparable to that associated with human depression (Hall et al., 2008; Fureix et al., 2012) . To enable us to develop training and husbandry methods that promote well-being in the horse we need to identify positive behavioural signs, akin to evidence of positive affective state. From the results of their study involving preference testing in horses for short or long bouts of riding, König von Borstel and Keil (2012) tentatively suggest that some horses showed little aversion to and possibly some enjoyment of being ridden (König von Borstel and Keil, 2012) . The relationship between expressions of anticipatory behaviour and reward sensitivity has been used as a means of assessing welfare in animals including the horse (Peters et al., 2012) and this may be an approach that could be adapted to assess the horse's attitude towards and enjoyment of ridden work.
Conclusion
The ethograms used within equitation science have been derived from a relatively small number of sources.
Although there is some consistency in relation to the behaviours that are considered signs of affective state in ridden horses it is unlikely that conclusions based on behaviour alone will suffice. The search for quantitative, objective, often physiological evidence to support behavioural interpretation is ongoing.
Inconsistent findings and a lack of association between measures has resulted in relatively unsubstantiated conclusions being drawn in some cases and tentative suggestions put forward to explain findings. However, the search for evidence to facilitate appropriate and accurate interpretation of ridden horses continues. There is never going to be a direct association between specific behavioural signs and the subjective experience of the horse as they are individuals who, just as is the case with humans, display signs of pleasure and distress differently. Individual differences aside, there are likely to be generic behavioural signs that can be identified by applying a combination of the approaches discussed in this review. As evidence in relation to behavioural interpretation is gained the findings must then be disseminated to the equestrian community and incorporated into guidelines and judging criteria for the various equestrian disciplines. Behavioural observation is the primary means of evaluating the performance and welfare of the ridden horse so it is imperative that significant behaviours are recognised and their implications for underlying mental state acknowledged. Only then will it be possible to accurately interpret what the horse is communicating when ridden and to respond accordingly. The improved welfare of all ridden horses is dependent upon increasing the accuracy with which their behaviour when ridden is understood.
